Why ichthyosaurs -marine Mesozoic reptiles -disappeared before the dinosaur extinction has remained a mystery. New research suggests they may have gone extinct stepwise, during one of the most extreme greenhouse periods in the history of complex life-forms.
In 1811, Mary Anning and her brother found the fossil skull of a giant reptile on a beach in Lyme Regis in Dorset, England. This find triggered an era of paleontological discoveries that eventually led Richard Owen to christen a new class of extinct reptiles, the Dinosauria, in 1842 [1] . But ironically, the first skull was not of a dinosaur -it belonged to Temnodontosaurus platyodon, an ichthyosaur ( Figure 1 ). Ichthyosaurs are an iconic group of marine reptiles that are best known for the evolution of a fish-shaped body, which is reflected in their name that means 'fish lizard' [2] . They are often portrayed as the reptiles that were best-adapted to marine life [3] . Ranging from half a meter to over 20 meters in body length, most ichthyosaurs were pelagic predators of fish, squid-like cephalopods and sometimes other marine reptiles. They are noted for the records for the largest eyeball among vertebrate animals [4] , and the highest number of digits, with at least eight [5, 6] . Ichthyosaurs were indeed very successful and remained a major component of marine predator guilds for more than 150 million years [7] . One of the greatest mysteries surrounding this celebrated group is their extinction.
Ichthyosaurs became extinct long before the dinosaur extinction, when some other, seemingly less well-adapted marine reptiles survived. The cause of this 'unreasonable' extinction has never been clearly explained. Finally, a new study by Valentin Fischer and colleagues casts new light on this issue [8] .
It had been known for a few decades that the ichthyosaurian fossil record ends in a time period called the Cenomanian (100.5 to 93.9 million years ago) [9, 10] , the first geologic age of the Late Cretaceous epoch. The Cenomanian was an unusual time period. The extinction rate of marine life was elevated in the late Cenomanian [11] , which ended with a notorious event during which a large percentage of the seafloor became anoxic [12] . Natalie Bardet pointed out in 1992 that the disappearance of the ichthyosaurs may have been related to this marine extinction event [10] , based on a pivotal investigation of the time ranges of ichthyosaurian species in the Cretaceous. One of the questions has been whether the evolutionary diversity and disparity of ichthyosaurs were already declining in the Early Cretaceous [13] , ahead of the anoxic event, making them susceptible to extinction. However, a recent careful examination of the ichthyosaurian fossil record concluded that their diversity remained high until the Cenomanian [14] . The new study by Fischer et al. [8] builds on these early works by improving the temporal resolution to the subage level (i.e., an average data resolution of about three million years, as opposed to about 7.3 previously) and refining statistical treatments in a trial to clarify what may have happened during the last chapters of ichthyosaurian existence.
The new study [8] reaches three novel conclusions: first, the extinction of ichthyosaurs occurred in two steps within the Cenomanian, where early and final extinction peaks are recognized. Second, the Early Cenomanian extinction reduced ichthyosaurian diversity and variation in feeding strategy, without the subsequent origination of new phenotypes to fill the ecological vacancy until the final extinction in the Late Cenomanian. Fish and squid feeders were eliminated, leaving only a group of apex predators. And third, the extinction rate increased with rising environmental volatility, including changes in sea levels and carbon dioxide levels in the atmosphere, which, according to the rising consensus, disturbed the marine ecosystem globally by reducing the diversity of many organisms, from microplankton to ammonites, while enabling rapid radiations of others. It now seems that the extinction of ichthyosaurs proceeded stepwise over the about four million years of the Cenomanian. The new findings represent a significant advance of our understanding of the ichthyosaurian extinction, but some scrutiny may be due, as discussed below.
Some important questions still remain to be answered. Most of all, if the extinction of ichthyosaurs was driven by global environmental changes, why did some other marine reptiles survive the same time interval? Apart from ichthyosaurs, four more lineages of marine reptiles lived in the Cenomanian, namely plesiosaurs, a group of long-necked marine reptiles that was supposedly used as a model for the imaginary Loch Ness Monster, mosasauroids, a group of seagoing lizards, sea turtles, and marine snakes such as Pachyrhachis. Three of them survived the late Cenomanian extinction, although one of them, mosasauroids, experienced a significant change in their anatomy that seems to have improved their aquatic adaptation. It would be important to examine if plesiosaurs, the largest clade that survived, also experienced a similar reduction in diversity and disparity during the Early Cretaceous, in a trial to tease out the factors specific to ichthyosaurs that may have contributed to their extinction.
The fossil record is inherently incomplete. This raises the question of whether the dataset has a sufficiently high resolution and completeness for the relevant segment of ichthyosaurian evolution. This problem was recognized by the new study by Fischer et al. [8] , which tried its best to account for the incompleteness of the data using statistical tests. However, at least some of these tests may not be as conclusive as they may appear. For example, the paper claimed that ichthyosaurs were extinct by the earliest Turonian, the geologic age after the Cenomanian, at the latest based on a statistical confidence interval calculated from the fossil record density. However, this method, which was originally designed to examine local stratigraphic ranges of small taxonomic units, such as species [12] , may be misleading when used outside of the original context. Most importantly, it inherently narrows the confidence interval as increasingly inclusive taxonomic units are analyzed. That is, if the interval was calculated for the genus Platypterygius alone instead of the entire ichthyosaurs, then the interval would be wider, i.e., the genus potentially outlived the group that contained it. The precise timing of ichthyosaur extinction will still need to be scrutinized in the future.
Another problem with the dataset is the coarse resolution of the temporal axis. The main dataset has an average resolution of around three million years, i.e., the average span of geologic subages in the Early Cretaceous. Therefore, even if a species is known from a single fossil specimen, it appears as if it was consistently present during a time interval of three million years. The paper argues that the confidence interval of the extinction timing is 0.99 million years but this value is smaller than the data resolution, and may need to be rounded up to a unit time, i.e., three million years. This would place the latest possibility of ichthyosaurian extinction to the Late Turonian subage, affecting the rest of the argument. It is possible to place much finer temporal resolution of about 0.1 million years using geochemical records of planetary movement cycles, as, for example, being done to study the emergence of ichthyosaurs [15] . It seems necessary to improve the temporal resolution of the data in the future to strengthen the argument of the timing of ichthyosaurian extinction.
For a similar set of reasons, the raised extinction rate of ichthyosaurs in the Early Cenomanian may need to be reexamined carefully before it is widely accepted. Although it appears as if several species became extinct during a short time span within the Early Cenomanian [8] , this may at least partly be an artefact of the low temporal resolution, as well as the incompleteness of the record. It is more likely that some of these species lasted longer than they appear and the others shorter, and this possibility needs to be examined by calculating the confidence interval of the stratigraphic range for each species [16] . However, we may not have sufficient data to allow such a rigorous test at this point.
Ironically, recent studies have suggested that ichthyosaurs may have first emerged during a period of global warming, following the end-Permian mass extinction [15, 17, 18] . This claim also needs to be tested in the future by considering the incompleteness of the fossil record but, if true, then it appears that global warming played important A skeletal reconstruction based on two fossil skeletons, and the original illustration of the first skull given by Home (1814) [19] . Temnodontosaurus was the apex marine predator of its time, about 195 million years ago. The silhouette surrounding the skeleton is approximate. roles in both the emergence and extinction of ichthyosaurs. Whether global warming is harmful or beneficial to a lineage of organism seems to be influenced by many other factors.
The amount of myelin that forms on individual axons can vary considerably. Recent work, including a new study, indicates that myelin profiles on distinct subclasses of axons might be determined by diverse mechanisms.
Once dismissed as mere 'insulation', myelin, a specialized glial cell membrane that wraps axons, has earned new respect as a highly dynamic feature of brain architecture that can profoundly influence cognition and motor function. For many years much of myelin research was focused on how its biophysical properties facilitate rapid transmission of electrical impulses along axons. More recently, attention has begun to shift to the idea that myelin can be modified by experience [1] . Among the major questions now facing the field is whether or not distinct subtypes of neurons use activity-dependent cues to regulate the amount of myelin that ensheaths them. A new study reported in this issue of Current Biology by Koudelka et al. [2] now shows that whereas one type of neuron in larval zebrafish requires vesicle secretion to determine its myelin profile, another does not, suggesting that diverse mechanisms mediate myelination of distinct neural circuits.
One of the major concepts in neuroscience is that synapses, structures that mediate communication between neurons, can be strengthened or weakened by changes in neuronal activity. This synaptic plasticity is thought to be the basis of learning and memory. Remarkably, myelin is also plastic and changes in myelin correlate with cognitive ability. For example, the amount of myelin, or white matter, increases in particular brain regions of individuals who learn new skills [3, 4] . By contrast, socially isolated children and rhesus monkeys have specific cognitive deficits and reduced amounts of white matter [5, 6] . These observations indicate a
